Salivary biomarkers for disease detection, diagnostic and prognostic assessments have become increasingly well established in recent years. In this chapter we explain the current leading technology that has been used to characterize salivary non-coding RNAs (ncRNAs) from the extracellular RNA (exRNA) fraction: HiSeq from Illumina® platform for RNA sequencing. Therefore, the chapter is divided into two main sections regarding the type of the library constructed (small and long ncRNA libraries), from saliva collection, RNA extraction and quantification to cDNA library generation and corresponding QCs. Using these invaluable technical tools, one can identify thousands of ncRNA species in saliva. These methods indicate that salivary exRNA provides an efficient medium for biomarker discovery of oral and systemic diseases.
Introduction
Extracellular RNA (exRNA) in human saliva is an emerging field for noninvasive diagnostic applications. The discovery of saliva-derived mRNA in normal and oral cancer patients [1] [2] [3] and other forensic applications [4, 5] opened up a new field for noninvasive molecular diagnosis. Our laboratory has extensively studied microarray-based gene profiling followed by real-time quantitative-PCR (RT-qPCR) for saliva mRNA detection. We have identified certain macromolecules associated with salivary mRNA that were protecting against ribonucleases [6] . Salivary RNA was found in complexes with lipids, proteins, lipoproteins, and phospholipids as well [7, 8] . Apoptotic bodies [9] or other vesicular structures in saliva also play a protection role. Therefore, RNA in the saliva may not be as fragile as it was previously assumed to be. Despite the numerous studies based on characterizing and finding mRNA diagnostic biomarkers in saliva, the introduction of deep sequencing technologies [10, 11] has revealed a new landscape of salivary exRNA [12] : micro-RNAs (miRNAs), piwi-interacting-RNAs (piRNAs), circular-RNAs (circRNAs), and other noncoding RNAs (ncRNAs). To date, only a few studies characterizing ncRNAs in saliva have used RNA-sequencing (RNA-Seq) technologies [13] . In this chapter, we present the detailed methodology for RNA extraction, cDNA library construction and quality controls (QCs), and data analysis of sequencing data. Although a variety of platforms are available for RNA-seq, the Illumina ® platform is the most used nowadays. Increasing knowledge on salivary composition thanks to this platform will make a difference in understanding the biology of the diagnostic biomarkers found in saliva for local and systemic diseases.
The purpose of this chapter is to provide robust and reliable methods for isolating and profiling of salivary exRNA, dividing it in two main sections regarding the type of the library (small and long ncRNA libraries) constructed. We also describe a protocol for RNA extraction after saliva collection, including detailed explanations of DNase treatment, RNA precipitation for sample concentration and specific QCs for the extracted RNA. The commercial kits for RNA extraction allow high RNA yield, but the eluted RNA usually is contained in big volumes and therefore low concentrations, which is not recommended for subsequent steps, since library preparation starts with little volumes and requires a high concentration sample. Either way, the lower limit of detection of the QCs makes the RNA precipitation crucial for sample concentration, resulting in high reproducibility among samples and accurate RNA and cDNA quantification, which at the same time is translated into good quality of raw read data after sequencing. Thus, our protocols are a guide for RNA-seq of salivary exRNA, but some concepts and methodology may also be applied to other types of body fluids.
5. Add 200 μL chloroform and mix by vortex for 30 s, and then incubate 5 min at RT.
6. Centrifuge the sample at 12,000 × g for 15 min at 4 °C.
7. Carefully collect 600 μL (at least) of upper aqueous phase and transfer to the new tubes.
8. Add 900 μL (1.5 Vol) of 100 % ethanol and mix thoroughly by pipetting up and down several times. Do not centrifuge. Continue without delay to the next step.
9. Pipette 700 μL of the sample into an RNeasy MinElute spin column. Centrifuge at 9300 × g for 30 s at RT. Discard the flow-through. Repeat this step using the remaining sample.
10. Pipette 700 μL buffer RWT into the RNeasy MinElute spin column and centrifuge at 9300 × g for 30 s to wash. Discard the tube with flow-through and place the column in a new 2 mL collection tube.
11. Pipette 700 μL Buffer RPE onto the RNeasy MinElute spin column. Close the lid gently and centrifuge at 9300 × g for 30 s to wash the column. Discard the flow-through.
12. Pipette 300 μL Buffer RPE onto the RNeasy MinElute spin column. Close the lid gently and centrifuge at 9300 × g for 30 s to wash the column. Discard the flow-through.
13. Pipette 500 μL of 80 % ethanol onto the RNeasy MinElute spin column (see Note 4). Close the lid and centrifuge at ≥9300 × g for 2 min to wash membrane. Discard the collection tube with the flow-through.
14. Place the RNeasy MinElute spin column into a new 2 mL collection tube. Centrifuge at full speed for 5 min to dry the membrane. Discard the collection tube.
15. Place the column in a new 1.5-mL tube. Add 30 μL preheated water (~50 °C) directly to the center of the membrane. Close the lid and incubate for 1-2 min at RT, and then centrifuge for 1 min at full speed.
16. Maintain the column in the same tube. Add 30 μL more (see Note 5) of preheated water directly to the center of the membrane. Close the lid and incubate for 1-2 min at RT (see Note 6), and then centrifuge for 1 min at full speed. Proceed directly to DNase treatment and RNA precipitation step (see Note 7).
1. Mix the next components to perform off-column DNase treatment to the eluted RNA of 8 samples at the same time:
-2 μL TURBO DNase-18 μL (for 8 samples).
-11 μL Buffer-99 μL (for 8 samples).
-27 μL H 2 O (nuclease-free)-243 μL (for 8 samples). 9. Read the plate at 480-520 nm in a spectrophotometer (see Note 11).
1. Take out the reagents 30 min prior to running the Chip and allow them to reach RT in the dark.
2. Follow the manufacturer instructions for preparing the geldye-matrix properly, and running the chip (45 min in total). Criteria of QCs for extracted RNA:
-Quant-iT Ribogreen RNA assay: salivary RNA concentration normally ranges from 50 to 80 ng/mL saliva. If total RNA amount is <5 ng it is not recommended to proceed with the library construction.
RNA Quantification and QCs
QuanTi™ RiboGreen RNA Assay Agilent Bioanalyzer, Eukaryotic RNA Pico Chip -RNA 6000 Pico Chip, Bioanalyzer: detection of intact ribosomal RNA peak indicates residual cell contamination (eukaryotic: 18S (1869 nt), 28S rRNA (5070 nt); prokaryotic: 16S (1542 nt), 23S rRNA (2906 nt)) and excludes the sample for further analysis.
Prepare the Exiqon Spike-in miRNA kit v2: Dissolve the miR-CURY LNA™ Array Spike-in microRNA Kit v2 in 30 μL/vial of nuclease-free water (supplied) upon receipt. Vortex to thoroughly dissolve the lyophilized RNA, pulse briefly in a microfuge, and leave the suspension on ice for 30 min to dissolve. Aliquot the dissolved spike-in miRNAs and store at -80 °C until use and avoid repeated cycles of freeze/thawing. Total volume now should be 25.5 μL 2. Heat samples for 5 min at 75 °C. Transfer to 37 °C for 15 min, followed by 15 min at 25 °C.
cDNA Library Preparation
Small ncRNA Library
Ligate the 3′ SR Adaptor
Hybridize the Reverse Transcription Primer 1. With 5 min remaining, resuspend the (yellow) 5′ SR adaptor in 120 μL of nuclease-free water and store at −80 °C (This step is only necessary when the kit is first opened).
2. Aliquot 1.1 μL × N of the (yellow) 5′ SR Adaptor into a separate, 200 μL nuclease-free PCR tube, with N equal to the number of samples being processed for the current experiment.
3. Incubate the adaptor in the thermal cycler at 70 °C for 2 min and then immediately place the tube on ice. Keep the tube on ice and use the denatured adaptor within 30 min of denaturation.
4. Add the following components to the ligation mixture from step 6 and mix well: Purify the PCR amplified cDNA construct (100 μL) using a QIAQuick PCR Purification Kit.
1. Add 500 μL Buffer PB to the PCR reaction and mix.
2. Apply the sample to the QIAquick column and centrifuge at 15,600 × g for 30-60 s.
3. Add 750 μL Buffer PE to the QIAquick column and centrifuge at 15,600 × g for 30-60 s. 5. Place each QIAquick column in a clean 1.5 mL microcentrifuge tube.
6. To elute amplified DNA add 26 μL Nuclease-free Water. Let the column stand for 1 min, and then centrifuge at 15,600 × g for 1 min.
Prepare 500 mL Running Buffer (100 mL 5× Running Buffer + 400 mL Water), leave 100 mL Running Buffer with 10 μL SYBR Gold stain for later use.
1. Mix the purified PCR product (25 μL) with 10 μL of Gel Loading Dye, Blue (6×).
2. Load 5 μL of Quick-Load pBR322 DNA-MspI Digest in a well on the 6 % PAGE 10-well gel.
3. Load two wells with 17 μL each of mixed amplified cDNA and loading dye on the 6 % PAGE 10-well gel.
QIAQuick PCR Purification
Size Selection Using 6 % Polyacrylamide Gel and Purification of Size Selected Library 4. Run the gel for ~1.5 h at 90 V. Do not let the blue dye exit the gel.
5. Remove the gel from the apparatus and stain the gel with SYBR Gold nucleic acid gel stain in a clean container for 2-3 min and view the gel on a UV transilluminator. The 140 and 150 nt bands correspond to adapter-ligated constructs derived from the 21 and 30 nt RNA fragments, respectively. For miRNAs, isolate the bands corresponding to ~140 bp. For piRNAs, isolate the band corresponding to ~150 bp (see Fig. 1 ).
6. Place the two gel slices from the same sample in a Gel Broker tube (SeqMatic) with a 2 mL tube, then centrifuge at 14,000 × g for 1 min, and then soak in 400 μL DNA Gel Elution buffer (1×).
7. Rotate in eppendorf shaker for at least 2 h at RT.
8. Transfer the eluate and the gel debris to SpinX column with 1 cm diameter Whatman filter.
9. Centrifuge the filter for 2 min at >15,600 × g.
10.
Recover eluate and add 1 μL linear acrylamide, 40 μL 3 M sodium acetate pH 5.5, 500 μL of 100 % ethanol, and 500 μL of isopropanol. Vortex well.
11. Precipitate at -20 °C for at least 4 h or −80 °C at least 1.5 h.
12. Spin >15,600 × g for 30 min at 4 °C.
13. Remove the supernatant, taking care not to disturb the pellet.
14. Wash the pellet with 500 μL 80 % ethanol. 16. Air-dry pellet for up to 10 min at RT to remove residual ethanol.
17. Resuspend pellet in 12 μL EB Buffer (2 of 12 μL will be used for cDNA library quantification in Subheading 3.2.5).
Prepare the ERCC spike-in: Dissolve in nuclease-free water the lyophilized product making 1:100 dilution stocks. Vortex to thoroughly dissolve the lyophilized RNA, pulse briefly in a microfuge, and leave the suspension on ice for 30 min to dissolve. Aliquot (1-2 μL) the dissolved spike-in RNAs and store at -80 °C until use and avoid repeated cycles of freeze/thawing. 6. Repeat step 5 once for a total of two washing steps.
7. Briefly spin the tube, and put the tube back in the magnetic rack.
8. Completely remove the residual ethanol, and air-dry beads for 10 min while the tube is on the magnetic rack with the lid open (recommend hood).
9. Elute DNA target from the beads with 50 μL nuclease-free water. Mix well on a vortex mixer or by pipetting up and down, and put the tube in the magnetic rack until the solution is clear.
10. Transfer the 50 μL supernatant to a clean PCR tube. Discard the beads.
Perform Adaptor Ligation
Purify the Ligation Reaction Using AMPure XP Beads 11. To the 50 μL supernatant, add 50 μL (1.0×) of the resuspended AMPure XP beads and mix well on a vortex or by pipetting up and down at least 10 times.
12. Incubate for 5 min at RT.
13. Quickly spin the tube in a microcentrifuge and place the tube on an appropriate magnetic rack to separate beads from the supernatant. After the solution is clear (about 5 min), discard the supernatant that contains unwanted fragments (Caution: do not discard the beads).
14. Add 200 μL of freshly prepared 80 % ethanol to the tube while in the magnetic rack. Incubate at RT for 30 s, and then carefully remove and discard the supernatant.
15. Repeat step 14 once for a total of two washing steps.
16. Briefly spin the tube, and put the tube back in the magnetic rack.
17. Completely remove the residual ethanol, and air-dry beads for 10 min while the tube is on the magnetic rack with the lid open (recommend hood).
18. Elute DNA target from the bead with 25 μL nuclease-free water. Mix well on a vortex mixer or by pipetting up and down, and put the tube in the magnetic rack until the solution is clear. 9. Incubate the plate for 15 min at RT in the dark (cover the plate well to avoid DMSO evaporation and therefore, variation in the lecture).
10. Read the plate at 485-530 nm in a spectrophotometer.
2. Dilute the DNA samples 1/10 with nuclease-free water (Only for the Long RNA libraries).
3. Follow the manufacturer instructions for preparing the geldye-matrix properly, and running the chip (45 min in total) (see Fig. 2 ). Criteria of QCs of constructed library:
-Qubit dsDNA BR assay: concentration >10 nM.
-High Sensitivity DNA Chip, Bioanalyzer: Small RNA library should have a major peak of 140-200 bp; Long RNA library should have a major peak of 300-400 bp. 3. This step gets rid of residual bacteria and cell debris.
4. Adding a washing step with ethanol 80 % step to the commercial protocol improves washing salts and concentrates the RNA in the silica-gel membrane.
5. Two times of elution may reduce the concentration of RNA but will translate into higher yield after RNA precipitation since more volume for eluting the RNA allows better recovery of the RNA trapped in the silica-gel membrane.
6. Waiting time (1-2 min) for the membrane to get well soaked as well as using preheated water facilitates the elution of all RNA content.
7. RNA precipitation after DNase treatment will clean the protein content in the sample regarding the DNase enzyme and will result in a high RNA concentration, suitable for starting cDNA library construction.
8. The use of ethanol instead of isopropanol is because the precipitated pellet is firmer and adheres more strongly to the tube wall with ethanol than isopropanol. Ethanol is more volatile which facilitates removal and less salt will co-precipitate with ethanol than with isopropanol.
9. Avoiding freezing and thawing of the rRNA standard and fluorescent dye improves notably the reproducibility of the Ribogreen quantification assay.
10. Little changes in temperature will affect the fluorescence lecture, so it is important to avoid heating the tubes containing Dye before plate lecture.
11. Both standard curve and samples will end up in ½ dilutions when mixed with the Dye → STD curve points: 100, 50, 25, 12.5, 6.25, and 0 ng/mL, RNA samples: 1/60 dilution. 14. Avoiding freezing and thawing of the fluorescent dye notably improves the reproducibility of the Qubit DNA quantification assay.
15. WS already contains the dye so, needs to be prepared freshly and protected from light.
16. Each pooled library contributes to 1.25 and 2.5 nM of the total lane, for small and long ncRNA libraries respectively.
